INTRODUCTION
============

Keratoconus (KCN) is a chronic, bilateral, non-inflammatory disorder characterized by progressive steepening, thinning and apical scarring of the cornea. The annual incidence of KCN is 2 per 100,000 with a prevalence of 54.5 per 100,000 (approximately 1 per 2,000).[@b1-JOVR-08-213]-[@b3-JOVR-08-213] KCN usually manifests as progressive myopia and irregular astigmatism, with unique slit lamp findings. The diagnosis of advanced KCN can be easily made because of its characteristic biomicroscopic and topographic findings, but identification of subclinical cases may be extremely challenging.[@b1-JOVR-08-213],[@b4-JOVR-08-213] Refractive surgery candidates should be examined meticulously since keratorefractive treatment may exacerbate the clinical progression of this ectasia.[@b5-JOVR-08-213],[@b6-JOVR-08-213]

The diagnosis of subclinical KCN can be tenuous. The term "subclinical KCN" is used to state a premature form of the disease in which characteristic keratometric, retinoscopic or slit lamp findings are absent, but mild topographic changes are consistent with clinical KCN.[@b7-JOVR-08-213] Identification of subclinical KCN is challenging as diagnostic criteria should be determined.[@b8-JOVR-08-213] It is usually not easy to predict the natural course of the disease because corneal alterations start generally before a patient is referred to an ophthalmologist. During puberty, the cornea starts to get thinner and protrudes, causing irregular astigmatism. In the stationary phase of the disease, the condition may vary from mild irregular astigmatism to severe thinning.[@b9-JOVR-08-213],[@b10-JOVR-08-213] Several methods with different corneal topographers have been introduced to aid the diagnosis of KCN and subclinical KCN. The Pentacam (Oculus Optikgeräte GmbH, Wetzlar, Germany) is a state-of-the-art instrument that scans the anterior and posterior cornea with a rotating Scheimpflug camera. Repeatability and reproducibility of corneal thickness and posterior elevation measurements has been reported to be high.[@b11-JOVR-08-213],[@b12-JOVR-08-213] However, unlike the Orbscan topographer (Bausch & Lomb Inc., Rochester, NY, USA), it is not clear what comprises normal or abnormal posterior elevation of the cornea measured with this

technique.[@b10-JOVR-08-213],[@b13-JOVR-08-213]

The aim of the current study was to determine the prevalence of KCN and subclinical KCN in subjects with astigmatism of two diopters (2D) or greater using data from the Pentacam Scheimpflug tomographer.

METHODS
=======

Consecutive subjects (aged 15 to 45 years) with 2D or greater of astigmatism, presenting to our ophthalmology outpatient clinic for routine check-ups were included in this cross-sectional study. All subjects underwent a complete ophthalmic examination that included visual acuity measurement with an ETDRS chart, slit lamp biomicroscopy, retinoscopy, fundus examination and corneal topography (TMS-4; Tomey, Erlangen, Germany). Best corrected visual acuity (BCVA), retinoscopic, slit lamp biomicroscopic and funduscopic findings were recorded. Only subjects with no signs of other ocular pathology were included.

An eye was diagnosed as having KCN if there was a scissoring reflex on retinoscopy and central or paracentral steepening of the cornea on topography with at least 1 of the following slit lamp findings: stromal thinning, anterior bulging of cornea, Vogt striae, Fleischer ring, Descemet's breaks, apical scars, and subepithelial fibrosis.[@b14-JOVR-08-213] An eye was diagnosed with subclinical KCN if it was the fellow eye of a patient with KCN or showed the following features: normal cornea by slit lamp biomicroscopy, normal keratometry, retinoscopy and ophthalmoscopy but inferior-superior asymmetry or bow-tie pattern with skewed radial axes detected on tangential maps. Subjects not fulfilling these criteria were classified in the normal astigmatic group.

A single experienced observer, who was masked to the patient diagnosis, performed all Pentacam measurements. Briefly, the subject was asked to place his/her chin on the chin rest and the forehead against the head rest. The subject was asked to open both eyes and look at the fixation target. The examiner aligned the joystick until the rotating Scheimpflug camera automatically captured 25 single images within 2 seconds for each eye. The measurements were checked under the quality specification window; only correct measurements were accepted (comment box reading ''OK''). If the comment box was marked yellow or red, the examination was repeated. Maps with poor centration were repeated in order to provide a best-fit toric/ ellipsoid reference surface. Subjects with corneal surface irregularity were re-examined with Pentacam after using artificial tears for 2 weeks. From the Pentacam examination, flat (K1) and steep (K2) keratometric readings, maximum simulated keratometry (Kmax), corneal thickness at the thinnest point of the cornea (minimal pachymetry), index of surface variance (ISV), index of vertical asymmetry (IVA), KCN index (KI), anterior elevation (AE) and posterior elevation (PE) were recorded into an Excel worksheet.

All statistical analyses were performed using IBM SPSS Statistics version 20 (SPSS Inc., Chicago, IL, USA). The bootstrap method was applied to eliminate the correlation between eyes of the same subject by treating each subject as a cluster. For group comparisons of continuous variables, the Mann-Whitney nonparametric test was used. P values \<0.05 were considered as statistically significant.

RESULTS
=======

One hundred and twenty eight eyes of 64 subjects were analyzed. Mean age was 29.9±9.8 (range, 15 to 45) years and the study population included 39 (60.9%) female and 25 (39.1%) male subjects.

Mean spherical and cylindrical refractive error was -0.63±1.92D, -2.36±1.79D respectively. Mean best-corrected visual acuity was 0.09±0.02 (0.0-0.16) logMAR. Pentacam measurements yielded mean K1, K2 and Kmax of 42.5±1.8D, 45.3±1.9D and 46.3±2.6D respectively. Mean minimal pachymetry value was 536±47 µm, mean ISV was 30.6±15.7, mean IVA was 0.21±0.19 and mean KI was 1.02±0.05. Mean AE and PE were 3.7±6.7 µm, 5.9±11.1 µm respectively.

From the entire study sample, 8 eyes (6.3%) were diagnosed with KCN and 10 eyes (7.8%) as subclinical KCN. Out of 9 patients with KCN and subclinical KCN, 6 were female and 3 were male; 3 patients had bilateral KCN, 4 patients had bilateral subclinical KCN and 2 patients had KCN in one eye and subclinical KCN in the fellow eye. Mean age was 32.1±7.3 years in patients with KCN, 29.1±5.2 years in patients with subclinical KCN and 29.0±9.8 years in astigmatic patients. There were no statistically significant differences in spherical and cylindrical refractive error among KCN, subclinical KCN and astigmatic eyes (P \> 0.05, for all comparisons).

[Table 1](#t1-JOVR-08-213){ref-type="table"} details Pentacam parameters in the three study groups. There were statistically significant differences between KCN eyes and astigmatic eyes in all Pentacam parameters except for cylindrical refractive error (P\<0.001). With the exception of K1, K2, Kmax, cylindrical error and ISV value, statistically significant differences were found in all parameters between subclinical KCN eyes and astigmatic eyes (P\<0.05). Mean minimal pachymetry was 463±52 µm in KCN eyes, 505±27 µm in subclinical KCN eyes and 544±42 µm in astigmatic eyes ([Fig. 1](#f1-JOVR-08-213){ref-type="fig"}). Mean anterior elevation was 24.13±13.79 µm, 4.60±2.75 µm and 2.11±2.69 µm, respectively. Mean posterior elevation was 39.88±15.76 µm, 16.40±2.63 µm, 2.42±4.47 µm, respectively. The distributions of anterior and posterior corneal elevations are presented in [figure 2](#f2-JOVR-08-213){ref-type="fig"} and [3](#f3-JOVR-08-213){ref-type="fig"}.

DISCUSSION
==========

The prevalence of KCN among refractive surgery candidates has been reported to vary from 0.9% to 8.1%.[@b15-JOVR-08-213],[@b16-JOVR-08-213] Corneal pachymetry in keratoconic corneas has been studied with various instruments[@b17-JOVR-08-213] and many studies have compared the reproducibility and reliability of instruments with different operating principles.[@b15-JOVR-08-213],[@b18-JOVR-08-213]

The Pentacam, which is based on the Scheimpflug principle, measures 138,000 elevation points. This technique can be used as a screening test for detecting KCN since it works independent of axis, orientation and position of the eye. It has been shown that elevation- based topography systems are more accurate than Placido-based devices in differentiating normal eyes from early KCN.[@b16-JOVR-08-213]

It is not difficult to detect clinically advanced KCN on the basis of slit lamp biomicroscopic findings. However, it can be problematic to distinguish between KCN suspects and normal eyes only with topographic criteria. There are no definite or universally accepted diagnostic criteria for defining KCN suspects. For instance, anterior corneal topography may present increased asymmetry such as localized steepening of the inferior cornea without other characteristic criteria for both keratoconus and contact lens-induced corneal warpage. There may be asymmetry between the right and the left eyes, i.e. reduced enantiomorphism. Subjects with steep keratometric values and progressive astigmatism may also have subclinical KCN.[@b17-JOVR-08-213]

In patients seeking refractive surgery, a high incidence of 'forme fruste' KCN and 'KCN suspect' has been reported in early studies. Some investigators stated that this overdiagnosis was related to the sagittal-based curvature measurements by Placido-based topography systems.[@b19-JOVR-08-213],[@b20-JOVR-08-213] Many patients, who had previously been labelled as keratoconic, were found to have a displaced corneal apex. It has been pointed out that these eyes demonstrate elevated I-S ratio, normal pachymetry, orthogonal astigmatism and stable refractions with no other clinical or topographical feature of KCN.[@b21-JOVR-08-213]

Lim et al[@b22-JOVR-08-213] found that more than one third of subjects with unilateral KCN developed manifest KCN in the other eye over 8 years. These authors reported that mean values of maximum posterior elevation and irregularity were significantly higher in KCN and KCN-suspects than control eyes.

Recently, Ucakhan et al[@b15-JOVR-08-213] investigated several Pentacam parameters in subclinical KCN, KCN and normal eyes. They found that the Scheimpflug system could differentiate between ectatic and normal eyes. In this study, the optimum cut-off point for posterior elevation was found to be 26.5 µm (97.7 % sensitivity and 81.0 % specificity). Logistic regression analysis indicated that a model combining corneal power, thickness and elevation data produced the best predictive accuracy in KCN and subclinical KCN.[@b15-JOVR-08-213]

In a study by Mihaltz et al[@b23-JOVR-08-213] ROC curve analysis indicated that posterior elevation was the most important criterion in the diagnosis of KCN. A threshold value of 15.5 µm had sensitivity of 95.1% and specificity of 94.3% for differentiating normal eyes from KCN. These authors found lower pachymetry readings in subclinical, early and moderate KCN; however, they did not find significant differences in these parameters between subclinical KCN and normal eyes.[@b23-JOVR-08-213]

Pinero et al[@b24-JOVR-08-213] investigated corneal volume, pachymetry and the correlation between anterior and posterior corneal shape in normal and KCN eyes. They found lower pachymetry readings in subclinical and clinical KCN, but found no remarkable differences in these measurements between subclinical KCN eyes and normal eyes.[@b24-JOVR-08-213]

Based on topographic maps from the Pentacam, Vejarano[@b25-JOVR-08-213] stated that KCN should be highly suspected in eyes with anterior elevation greater than 15 µm and posterior elevation greater than 20 µm using the best fit toric ellipsoid, corneal thickness less than 500 µm, and keratometric power greater than 47D on the tangential map when all are at the same corresponding points. Subjects who had anterior elevation between 12 and 15 µm, posterior elevation between 15 and 20 µm with a corresponding location of thinnest pachymetry point less than 500 µm were diagnosed as KCN suspects.[@b25-JOVR-08-213]

When screening patients for ectasia using the Pentacam, higher sensitivity and specificity have been achieved by combining pachymetric graphs and indices, and the enhanced elevation maps provided by the Belin/Ambrosio Enhanced Ectasia Display.[@b26-JOVR-08-213] In our study, the mean values were compatible with the results of other studies and well correlated with the Belin/Ambrosio Enhanced Ectasia Display.

In our study, 14.1% of patients attending the general ophthalmology outpatient clinic with astigmatism of 2D or greater had some degree of KCN (6.3% of eyes had KCN and 7.8% had subclinical KCN). When we compare this prevalence with other studies, it is obvious that higher prevalence rates for KCN will be found as cylindrical power increases. Since this study is limited by sample size, our results may not reflect the actual prevalence of KCN in the population with ≥2D of astigmatism. However, our study showed that various parameters acquired from Pentacam measurements can help discriminate eyes with varying degrees of KCN from normal eyes. The analysis of these measurements is important in differentiating eyes with subclinical KCN from normal eyes. Sometimes analyzing curvature maps separately may mislead ophthalmologists in the diagnosis of KCN. It has been emphasized that anterior elevation, posterior elevation and thinnest pachymetry values appear to be the most crucial components in the diagnosis and follow up of KCN patients.[@b8-JOVR-08-213] While assessing KCN with Pentacam, tangential curvature maps should always be combined with corneal thickness and elevation maps.

In conclusion, the diagnosis of KCN is an increasingly important clinical issue as many methods are being developed such as cross- linking to halt the progression of this ectatic disease. The incidence of KCN is higher than estimated because of the increasing use of imaging systems such as the Pentacam. Since keratoconus induces irregular astigmatism and myopia, subjects with astigmatism of 2D or greater attending to outpatient clinics should be screened with corneal topography for early diagnosis even if their visual acuity is not affected. We think that Pentacam provides more accurate diagnosis than conventional corneal topography systems especially in keratoconus suspect eyes.
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###### 

Mean values for Pentacam parameters by study group

  Parameter        Mean±Standard Deviation                                     
  ---------------- ------------------------- ---------------- ---------------- ---------------
  K1 (D)           47.00 ± 2.52              42.46 ± 1.19     42.24 ± 1.39     0.000 / 0.531
  K2 (D)           49.51 ± 2.69              44.78 ± 1.23     45.07 ± 1.51     0.000 / 0.518
  Kmax (D)         53.53 ± 3.85              45.55 ± 1.15     45.83 ± 1.64     0.000 / 0.621
  Cyl (D)          -2.50 ± 1.67              -2.48 ± 1.54     -2.34 ± 1.83     0.779 / 0.710
  Min Pachy (µm)   463.13 ± 52.04            504.90 ± 27.15   544.24 ± 42.45   0.000 / 0.003
  ISV              76.13 ± 25.62             27.60 ± 8.44     27.96 ± 8.45     0.000 / 0.853
  IVA              0.83 ± 0.30               0.23 ± 0.06      0.17 ± 0.09      0.000 / 0.001
  KI               1.18 ± 0.73               1.04 ± 0.02      1.01 ± 0.03      0.000 / 0.006
  AE (µm)          24.13 ± 13.79             4.60 ± 2.75      2.11 ± 2.69      0.000 / 0.010
  PE (µm)          39.88 ± 15.76             16.40 ± 2.63     2.42 ± 4.47      0.000 /0 .000

K1, flat keratometry; K2, steep keratometry; Kmax, maximum simulated keratometry; Cyl, cylindrical value

Min Pachy, corneal thickness at the thinnest point of the cornea; ISV, index of surface variance

IVA, index of vertical asymmetry; KI, keratoconus index; AE, anterior elevation; PE, posterior elevation

D, diopters
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